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Figure § - Sketch Indicating the Technigque for Calculation of Detection

and False Alert Frobakility. The must alert F-Factor is
aszsumed to he .13 and the must-not alert F-Factor is .0B5.
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PROBABILITY OF MISSED DETECTION
F-Factor = .13, Threshold = .10%
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Figure 6 - The Probability of a Missed Detection of a .13 Averaged Hazard
Plotted Versus Range For A Single Range/Azimuth Bin.
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PROBABILITY OF FALSE DETECT[ON

F-Factor = .085, Threshold = .105
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Figure 7 -

The Probability of a Falge Detection of a .085 Averaged Hazard

Plotted wversus Range For A Single Range/Azimuth Bin.
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DETECTION & FALSE ALERT PROB VS SNR
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Figure 8 =

Detection and False Alert Probability Plotted Versus the
Single-Pulse Signal-to-Noise Ratio.
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F-Factors=.085 and .13, Thres. = .105
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PROB. RATIO - DETECTION/FALSE ALERT

F-Factors=.085 and .13, Thres. = 105

)

0
g /
8
g /
S 7
=
= &
o
5
=
o 4
2
© 3 /
o
2 //
1 "
0 —"
-10 -5 0 5 10 156 20
Post-Processed Signalto-Noise Ratio
Figure 10 - Ratio Plot Similar 1o Figure 9 Except that the Postprocessed Signal-to-Noise Ratio is Used as the Ordinate. A

signal-to-noise ratio threshold of approximately 7.5 dB must be used to maintain the ratio of ane false alert per 10 oue

alerts.
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CUMULATIVE DETECTION PROBABILITY
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Figure 11 - Cumulative Probability of Missed and False Detection for -5
dBRz Weather Reflectivity and an SNR Threshold of -3dB.
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CUMULATIVE DETECTION PROBABILITY
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Figure 12 - Cumulative Probability of Missed and False Detection for -0
dBz Weather Reflectivity and an SNR Threshold of -3 dB.
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CUMULATIVE DETEGTION PROBABILITY
+5 dBz Reflectivity, -3 dB SNR Thres.

Missed .13 Alert

False .085 Alert

Probabillity {log)
1]

-
T L L R Lapr o e

2 4 5 8 10 12
Range (meters)
(Thousands)

. Figure 13 - Cumulative Probability of Missed and False Detection for +5
dBz Weather Reflectivity and an SNR Threshold of -3 dB.
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PROBABILITY DENSITY FUNGCTIONS

Reflectivity @ Denver, Orlando, & KC
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PROBABILITY DENSITY FUNCTION

Hazard Index (F-factor)

Probabllity Density

Hazard Index

Figure 15 - Plot of the Probability Density Function of Hazard Factor
(from Reference 4). It iz assumed that this density functien
applies to the 1000 meter averaged F-Factor.
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MISSED AND FALSE ALERT PROBABILITY
Averages, Denver, -3 ¢<B SNR Threshold
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Figqure 16 - Averaged Probabilities of a Missed and False Alert on a Single
Scan at Denver for Microbursts Exceeding 0 dBz Reflectivity.

D-28



Revigon 10,2
January 1995

.

MISSED AND FALSE ALERT PROBABILITY
Averages, KC, -3 dB SNR Threshold
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Figure 17 - Averaged Prcbhabilities of a Missed and False Alert on a Single
Scan at Kansas ity for Microbursts Exceeding 0 4Bz
Refleqkivity.
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MISSED AND FALSE ALERT PROBABILITY
Averages, Orlando, -3 dB SNR Threshold
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Figure 18 - Averaged Probabilities of a Missed and False Alert on a Single
Scan at Orlando for Microbursts Exceeding 0 4Bz Reflectivity.
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AVERAGED CUMUIATIVE PROBABILITIES
Denver, -3 dB SNR Threshold
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Figure 19 - Averaged Cumulative Probabilities of a Missed and False Alert
- at Denver Using an SNR Threshold {Single-Pulse) of -3 4B for
Microbursts Exceeding 0 dBz Reflectivity.
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AVERAGED CUMULATIVE PROBABILITIES
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Figure 20 - Averaged Cumulative Probabilities of a Missed and False Alert
at Kansas City Using an SNR Threshold (Single-Pulse) of -3 4B
for Microbursts Exceeding 0 dBz. Reflectivity.
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AVERAGED CUMULATIVE PROBABILITIES
Orlando, -3 dB SNR Threshold -
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Figure 21 - Averaged Cumulative Probabilities of a Missed and Falge Alert
at Orlando Using an SNR Thresheold (Single-Pulse) of -3 48 for
Microbursts Exceseding 0 dBz Reflectivity.
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PROBABILITY OF MISSED DETECTION

F-Factor = .13, Threshold = .105
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Figurs 22 -

Probability of a Missed Detecticn of a

.13 Hazard for the

NASA System Using a Hazard Area Thresheld of .2 =sq. km. and
Requiring Two Consecutive Scans Prior to Declaring an Alert.
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PROBABILITY OF FALSE DETECTION
F-Factor = 085, Threshold = ,(105
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Figure 23 - Probability of a False Datection of a .085 Hazard for the NASAH
System Using a Hazard Area Thresheold of .2 sg. km. and
Requiring Two Consecutbive Scans Prior to Declaring an Alert.
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CUMULATIVE DETECTION PROBABILITY
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Figqure 24 - Cumilative Probability of & Missed and False betection for the
MASA System with an SNR Threshold of -3 dB and a Weather

Reflectivity of -5 dB=.
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CUMULATIVE DETECTION PROBABILITY
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Figure 25 - Cumulative Probability of a Misszed and Falge Detection for the
NAR5A System with an SNR Threshold of -3 4B and a Weather
Reflectivity of 0 4Bz,
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CUMULATIVE DETECTION PROBABILITY
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Figure 2& - Cumulative Probability of a Missed and False Detection for the
’ NASA System with an SNR Threshold of -3 dB and a Weather
Reflaectivity of +5 dBz.
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MISSED AND FALSE ALERT PROBABILITY
Averages, Denver, -3 dB SNR Threshold
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Figure 27 - Averaped Probability of Missed and False Detection at Denver for the NASA System with Hazard Area Threshold
and Mulriple Scan Detection for Microbursts Exceeding 0 dBz Reflectivity. The plor of false alert probability is less
than 10 (off scale).
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MISSED AND FALSE ALERT PROBABILITY
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Figure 28 - Averaged Probability of Missed and False Detection at Kansas City for the NASA System with Hazard Area

Threshold and Multiple Scan Detection for Microbursts Exceeding 0 dBz Reflectivity. The plot of false alert
probability is less than 10 (off scale).
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Figure 29 -  Averaged Probability of Missed and False Detection at Orlando for the NASA System with Hazard Area Threshold

- and Multiple Scan Detection for Microbursts Exceeding O dBz Reflectivity. The plot of false alert probability is less

than 10 (off scale).
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AVEBRAGED CUMULATIVE PROBABILITIES
Denver, -3 dB SNR Threshold
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Figure 30 - Averaged Cumnularive Prabability of Missed and False Detection at Denver for the NASA Systemn wirth Hazard Area
Threshold and Multiple Secan Detection for Microbursts Exceeding O dBz Refleciivity. The plot of false alert
probability is less than 10 (off scale).
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AVEHAG ED CUMULATIVE PROBABILITIES
Kansas City, -3 dB SN R Threshold
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Figure 31 - ..Averaged Cumulative Probability of Missed and False Detecrion at Kansas City for the NASA System with Hazard

" Area Threshold and Multiple Scan Detection for Microbursts Exceeding 0 dBz Refleciivity. The plot of false alert
probability is less than 10* (off scale).
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AVERAGED CUMULATIVE PROBABILITIES
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Figure 32 - Averaged Cumulative Probability of Missed and False Detection at Orlando for the NASA System with Hazard Area

Threshold and Multiple Scan Detection for Microbursts Exceeding O dBz Reflectivity. The plot of false alent
probability is less than 10 (off scale).
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Assumptions used for path definition: “?
1. Glide slope angle = 3 degrees (gamma = -0.0524).
p Runway lengik = 3 km (9840 feel).
3. Glide path intercept point = 300 meters down runway.
4. Middle marker is 900 meters from nunway fhreshold.
5. The above conditions produce a glide parh height of 63 meters at the middle marker.
6. " Go around maneuvers are begun at an altitide of 30 meters, at a position 300 meters from runway threshold.
1. Takeoff ground roll length = 2 km.
8. Flight path angle after takeoff or go around = 0.10 (5.73 deprees).
9. Rading of tum, 25 depree bank, at 200 knots (103 m/s} = 2.32 km.
1. Aligned for takeoff, near miergburst: The icon leading edge Is near the liftoff point (2 kan from brake release).
2. Alipned for takeoff, far microburst and Takeoff, gear up height: The icon leadiug edge is abour 5.5 km (3 nm) from
brake release.
3. ILS approach: The icon leading edge is near the middle marker.
4, Curved approach at 200 knots: The icon leading edge is near the localizer intercept point.
5. Worse-case drift approach: The icon leading edpe is near the runway threshold.
6. Go-around maneuver: The icon leading edge is about 3.3 km (1.8 nm) from initiation of missed approach.

Faths are specified by direction of takeoff or approach, X or Y coordinate of flipht path, and runway threshold coordipates,

Coordinares are specified with respect 1o the microburst data ser. Positive X is true east, positive Y is true nenh, positive
Z 15 altitude above ground. All coordinates are expressed in metric units.

Microbursts are staric during each simulation nin. Drift angle runs are accomplished by biasing the orientation of the seasor,
not through the presence of any ambient crosswind.
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Paths:

Scenario:
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Jaouary 1995

jeroburst, Time = i ] mlat

Aligned for takeoff, Far microburst, and Takeoff, gear up height.

Takeoff toward east alomg Y = 0 axis.

Brake release at X,Y = =6.8.0 km.
Liftoff at X,Y = -4.8,0 km.
Peak FBAR along path: _ about 0.2.
Peak reflectivity along path: about 57 dBZ.

Note: The takeoff roll oceurs outside the domain of the data set, with the sensor looking into the data ses.

ILS approach.

Approach toward east slong Y = 0 axis.

Place runway threshold at X, Y = 0,0.

Peak FEAR along path: . about 0.14.
Peak reflectivity along parh: about 55 dBZ_

Notz:  Due to the proximity of the microburst to the edge of the data set domain, the approach may begin -
outside the boundary of the dara set.
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Scenario:

Scenario:

Scenario:

il

Pevition 10,2

Janoary 1995
vent 143, Time = i ....}
ILS approach.
Approach toward south along X = -1.8 km line.
Place the runway threshold at 3,Y = -1.8, -1.9.
Peak FBAR on path: abaout 0.14.
Peak reflectivity on path: 2bout 50 dBZ.

This path produces about 4 km of intervening rain on the path prior to encountering the shear hazard, the
reflectivity of the intervening rain varies from 25 to 50 dBEZ.

Go-around maneuver.

Approach toward west along Y = -1.4 km line.

Place runway threshold at XY = 22,14,
Go-around point is X,Y = 2.5, -1.4.
Peak FEAR along path: about 0,19,

This path places the runway touchdown zone in clear air, with the microburst and 50 dBZ precipitation at the far
end of the runway.
ILS approach through below alert threshold shear,

Approach woward east along Y = 1.1 ¥ line.
Place ninway threshold at X, Y = -1.8, 1.1.

The path passes through an FBAR of about 0.06 with 0.08 FBAR about 500 meters to right of path, and 0.17
FBAR about 2.5 kun right of runway touchdown zone. The peak reflectivity on the path is about 50 dBZ.
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Data Set 3, Denver 7/11/88 event, Time = 49 and 51 min.
Scenario: Aligned for takeoff, near microburst.

Scenario;

Scenario:

Use time = 51 min. data set.
Takeoff toward porth along X = 16.2 Jan )ine.
Brake release at X,Y = 16.2, -7.6.
Lifioff at X,¥ = 16.2, -5.6.

Peak FBAR along path: about 0.17.
Peak reflectivity along path: about 24 dBZ.

Aligned for takeoff, far microburst and Takeoff, gear-up height.

Use time = 51 min. data set.
Takeoff toward east aZlong Y = -5.0 kom line.
Brake releasc at X, Y = 8.5, -5.0.
Liftoff at X,¥ = 10.5, -5.0.

The takeoff will be in a very weak shear with 20 to 35 dBZ precipitation, followed by about 1 km of clear air
befare encountering a (.19 FBAR shear in 25 dBZ precipitation.

LS approach, ¢ paths, 45 degree azimuth changes.

Use time = 51 min. data set.
Place runway threshold at X,Y = ~ 12.2, -3.0,

At this point, FBAR is about 0.17 in the north-south direction and 0.18 in the east-west direction, with 40 dBZ
precipitation. Orient the munway on true headings of 360, 043, 090, 135, 270, and 315 to achieve 6 irajectories.

Characteristics of each path:

Track 360: This path provides a mostly ¢lear view of the threar, with rain on each side of the path.
Peak FBAR = 0.13.

Track 045: The approach path is between two small rain cells (about 30 to 35 dBZ) about 3 km short of
the runway. Peak FBEAR = (.18 along path.

Track 090: The path passes through an intervening cell for the last 4 km of the approach to the primary
threat. This intervening cell contains reflectivity of about 20 to 30 dBZ and shear of about 0.08 FBAR
along path. The primary shear produces an FBAR of about 0.17. This scenario will test both the ability
to detect through intervening rain and the ability to reject weak shears.

Track 135: The path passes along the edge of an adjacent precipitation cell beforc reaching the primary
threat. A strong shear exists at the far end of the runway. Peak FBAR along path is about 0.13.

Track 270: About 3 km from the runway the path touches the edge of a strong shear to the south of the
path, which produces a very weak shear and about 5 to 10 dBZ reflectivity on the path, with stronger
shear and reflectivity to the left of the path. The primary shear produces an FBAR of about 0.17.

Track 315: The path penetrates a strong shear (FBAR about 0.2) 3 to 4 km short of the mnway. The
initial shear contains 25 dBZ precipitation. The primary shear has a peak FBAR of about (.13 and
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Seenario:

Scenario:

Secenario:
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reﬂa:c_tivity of about 40 dBZ alonp the path. A windshear sensor should detect hoth threars.

Curved approach at 200 knots.

Use time = 51 min. data set.
Localizer course 15 toward easton Y = -3.1 km line.
Place center of arm at X,Y = 11.5, -5.42.

Fly north on X = 9,18 km line 1o X, Y = 9.18, -5.42; then tum right to intercept localizer at X, Y = 11.5, 3.1,
The path encounters precipitation about 1 km prior to beginning the nurn and completes the turn in moderate 1o

heavy precipitation. The turn carries the sensor through a shear region of FBAR near 0,12, which approximates
the "must-zlert™ level, prior to the primary threat. The primary threat has an FBAR of ahout 0.15.

ILS approach, microburst strength helow alert threshold.

Use time = 49 min. dara set.
Approach toward ease along Y = ~4.5 ¥m line.
Place runway threshold at XY = 8.6, -4.5 km.
Peak FBAR along parth: about 0.08,
Peak reflectivity along path: about 25 dBZ.

ILS approach, developing microburst with sirength approximating "must-alert".

Use time = 49 min. data set.
Approach toward north along X = 5.5 km line.

Place rnway threshold at XY = g.5, 1.9 lon.

Peak FBAR along path: " abour 0.13.

Peak reflectivity along path: about 37 dBZ.

The path encounters light precipitation about 2 km from the event, with moderate to heavy precipitation geeurring
about 1 km 1o the right of the maximum shear.

Note:  Other interesting above and below alert thresheld encounters can be constructed from the 7/11/88 daa
sets, including a 0.11 w 0.12 FBAR encounter near X,Y = 15.5, -5.0 kon in the time = 4% minnte data
set {whijch ideally would be detected even thongh below the 0.13 "must alert” level).
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ata 4:

Scenario:

Scenario:

Scenario:

Aligned for takeoff, near microburst.

Takeoff toward east along Y =
Brake release at X, ¥ =
Liftoff point at X,Y =

Peak FEAR along path:
Peak reflectivity along path:

Revision [0.2
January [995

0 axis.
-2.7, 0 km.
0.7, 0 km.

about 0.23.
about 27 dBZ.

This microburst presents a very small rain shaft. The diameter of the 5§ dBZ precipitation contour is slightly less

than 1 km at 50 meters altitude.

ILS approach.

Approach toward east along Y =
Place runway threshold at XY =

Peak FBAR along path:
Peak reflectiviry along path:
‘Worse-case drift ILS at 120 knots,

Approach woward east along Y =
Place runway fhreshold at X,Y =

Feak FEAR along path:
Peak reflectivity along path:

E-6

0 axis.
0.2, 0 Jan.

about 0.24.
about 27 dBZ.

0 axis.
0.7, 0 km.

about 0.19.
about 27 dBZ.
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Scenario:

Scenario:

Scenario:

Scenario;

Scenario:

Alipned for takeoff, far micraburst.

Use time =
Takeoff toward west along Y =
Brake release at X, Y =

Peak FBAR along path:
Peak reflectivity along path:
Diameter of 5 dBZ contour:
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40 min. daea set.
10.6 lan line.
10.1, 10.6 km.

about'0.18.
about 22 dBZ.
about 1.6 km.

About 1 ki to each side of the primary shear is a shear of about 0.12 to 0.15 FBAR, in reflectivity regions of less

than O dBZ.

ILS approach.

Use time =
Approach toward north along X =
Flace ronway threshold at X, Y =

Peak FBAR along path:

Peak reflectivity along path:
Worse-case drift TS at 120 knots.
Use time =

Approach toward porth along X =
Place rinway threshold at X, ¥ =

Pealkc FEAR along path:
Peak reflectivity along parh:

40 min. data set.
3.3 km line.
3.8, 10.9 km,

about 016,
about 17 dBZ.

40 min. data sct.
3.8 km line.
3.8, 10.0 km.

abour 0,12.
shout 17 dBZ.

The peak along-path FBAR value occurs after landing, with little or no vertical F-factor component. A sensor
scanning the shear during approach would likely see the higher FEAR values above the rumway.

Go-around maneuver.

Use time =

Approach toward porth along X =
Place runway threshold at X,Y =
Go-arpund point is at X,Y =

Peak FBAR, along path:
Peak reflectivity along path:
Curved approach at 200 knots.

Use time =
Localizer course is toward weston'Y =

40 min. data set.
3.8 km line.
3.8, 6.8 km.
3.8, 6.5 km.

about 0.17.
about 22 dBZ,

40 min. data sct.
10.6 km line.
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Scenario:

Fevision 10.2
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Flace center of mun at X, Y = 4.4, 8.28 for a left tun or at XY = 4.4, 12.92 for a right turn.

Fly north or south on X = 6.72 km line until abcam turn center point; then turn to intercept localizer at XY =
4.4, 10,6 km. -

Peak FBAR along path: aboot 0.16.
Peak reflectivity along path: about 20 dBZ.

ILS approach, Second Microburst Pulse, Extremely Dry.

Use time = 45 mnin. data set.
Approach toward north along X = 4.67 km line,
Place runway threshold at X, Y = 4.67, 12.2 km.
Peak FEAR along path: about 0.15.
Peak reflectivity along path: about 7 dBZ.

The contour of 0 dBZ reflectivity is less than 1 km in diameter. The given runway placement will provide a core
penetration altitude of about 100 meters.
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Scenario:

Scepario:
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metri icr t, Ti = 14 i '»3

Curved approach at 200 knots.
Localizer course is toward south on X = 14.33 km line.
Place center of turn at X,Y = 12.01, 1.08 for a right turn toward the south.

Fly east on Y = 3.4 kim line until abeam turn center point; then rn to intercept lecalizer at XY =14.33,1.08
Km. -

Peak FBAR along path: about 0.11 with higher values (0.15) 200 meters left of localizer.
Peak reflectivity along path: about 50 dBZ.

The localizer is offset slightly from the microburst core to bring the core into 25 degree minimum field of view
early in the mrn. :

ILS approach, 7 paths, one each 45 degrees of azimuth.

The runway will be placed such that the approximate core of the microburst (XY = 14.2, 0.5) is penetrated at an
alimde of about 60 to 300 meters. The core position varies with altitude, which is taken into consideration in the
path definitions. The lower encounter altitudes are used for the east/west paths, where the core will be placed
near the middle marker location. This location is used since the east/west FBAR values are very close to likely
system alert thresholds at 300 meters (about 0.11), but at lower altitdes are in the range where alerts should be
given (over 0.12). Higher altimde encounters are used for other directions of flight, to stress the sensor vertcal
wind estimation and, in some cases, to achieve FBAR values close to the "must-aleri” value. Ina few cases the
peak FBAR along path is about 0.12. This Jevel presents a reasonable test, since the must-alert F-factor value of
0.13 represents a worse-case for difficult-to-detect events. Forward-look systems should alert at levels starting at
about 0.11 to prevent exposing the aircraft 1o threats that would activate a Teactive detection system or that would
canse a pilot, using the FAA Windshear Training, to execute a missed approach. At the core location the peak
one-kilometer F-factor varies with direction of flight and altirude approximately as:

Nonh/South ast/West

50 meters AGL 0.167 0.126
150 meters AGL 0.163 0.123
00 meters AGL 0.156 0.115

The runway will be oriented on true headings of 360, 045, 090, 180, 225, 270, and 315 degrees to achieve 7
trajectories. The 135 degree path is not used, as the peak FBAR in this direction is only 0.10. The reflectivity at
the microburst core is about 50 dBZ. Tn the microburst simulation, the storm driff 5 towards the east at abour 35
knots. A static wind field is assumed for these trajectories. In a few of these paths the runway may be outside
the domain of the wind field dara set. The testing in these cases will end after the sensor has compleied transit of
the microburst.

Definition of each path:

Track 360:
Localizer on X = 14.6 km line.
Runway threshold at X,Y = 14.6, 4.9 km.
Peak FBAR = 0.15.



Revision 10.2
January 1995

The sensor has a clear view of the windshear during approach.

Track 045: ' ' :
Localizer on Y = (¥-13.9) km line.
PFunway threshold at X,Y = 17.2, 3.3 km.
Peak FBAR = 0.17.

Track 090:
Localizer on Y = 0.5 km line.
Runway threshold at X,Y = 15.1, 0.5 km.
Peak FBAR on path: about 0.10 with 0.12 near path.

The path encounters an area of intervening rain about 2.5 km priar to peak shear.

Track 180:
Localizer on X = 14.5 ko line.
Runway threshold at X,Y = 14.5, -3.5 km.
Peak FBAR = 0.15.

The path encounters about 2 lan of intervening rain prior to the peak shear.

Track 223:
Localizer on Y = (X-13.9) km line.
Runway threshold at X,Y = 11.6, -2.3 km.
Peak FRAR = 0.15.

The sensor has 2 clear view of the windshear during approach.
Track 270:
Localizer on Y = 0.5 km line.

Runway threshold at X, Y = 13.3, 0.5 km.
Peak FBAR along path: about 0,12 to 0.13.

The sensor has a clear view of the windshear during approach.
Track 315:

Locatizer on Y = -(X-14.67) kmn line. .

Runway threshold at X, ¥ = 12.87, 1.80 km.

Peak FBAR. along path: about 0.13.

The sensor has a clear view of the windshear during approach.
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Scenario:

Scenario:

ust Front, Tima = 27 min

Aligned for takeoff, gust front near departure end of runway.

Takeoff taward west along Y = . LOkmline. -
Brake release at X,Y = 25.5, 1.0 km.
Liftoff at X,Y = 23.5, 1.0 km.

Peak FBAR, along path: about 0,12 at approximately X= 22.3 km.

Reflectivity along path in region of shear: about 20 dBZ.

TLS approach.

Approach toward west along Y = 1.0 km line.

Place Tunway threshold at XY = 21.5, 1.0 km.
Peak FBAR along path; abaut 0.13.
Peak reflectivity along path: about 20 dBZ.
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